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TECHINICAL NOTE. 3500

CORRECTION OF ADDITTONAL SPAN LOADINGS COMPUTED BY THE
WEISSINGER SEVEN-POINT METHOD FOR MODERATELY
TAPERED WINGS OF EIGH ASPECT RATIO

By John DeYoung and Walter H. Barling, Jr.
SUMMARY

It has been found that for wings combining high aspect ratio with
large amounts of sweep, the Welssinger seven-point results are in error,
A simple procedure is presented here which for a sizable range of plan
forms largely corrects these errors and results in more accurate span
loadings being read directly from the loading charts of NACA Report 921.
This procedure consists of an alteration of the taper ratio used plus an
additional correction applied at the wing root. In the above procedure,
the lift-curve slope and the method of fairing the loading are also
improved.,

The new results agree within %1 percent with theoretical results
believed to be accurate; whereas maximum errors of the original Weissinger
seven~-point loading (for wings swept back 45°) are approximately 2 and
8 percent for aspect ratios equal to 3 and 10, respectively.

INTRODUCTION

Of the several published methods for computing the span loading of
wings at subsonic speeds, the Weissinger "L" method with seven control
points across the span is one of the easier methods to use and, at one
time, appeared to afford the best compromise between labor and accuracy.
Solutions for many wings have been plotted (ref. 1). The mathematical
coefficients, ayp, used in the four equations have also been presented
in graphical form for plan forms whose solutions are not plotted.

Garner (ref. 2), Schneider (ref. 3), and others have indicated that
for wings combining high aspect ratio with large amounts of sweepback,
the seven-point loadings do not compare favorably with experimental results
nor with theoretical results believed to be more accurate. The seven-
point Welssinger loadings, Czc/CLCav; are generally too high outboard and
too low inboard, as is illustrated in figure 1 (taken from ref. 3).
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The primary purpose of the present report is to find some simple,
direct correcticns to the solutions given in reference 1 for sweptback
wings of high aspect ratio.

NOTATTON
'b2
A aspect ratio, 5
ayn coefficients relating the wing loading at station n to the

downwash at station v

b wing span measured perpendicular to the plane of symmetry, ft
¢ local wing chord measured parallel to the plane of symmetry, ft
Cav average wing chord, % s Tt
Cr 1ift coefficient, ———mtazéslift
CL@ lift-curve slope, per radian or deg
) section 1ift coefficient
1y section lift-curve slope, per radian or deg
G spi?wise loading coefficient or dimensionless clrculation, %%; or
v
k constants to be evaluated in the aspect-ratio-reduction functions
X equal to _Elf_ s K = =
Crcav L
Mg free-stream Mach number
M number of terms used in a numerical integration to obtain a&a,p
m number of points across the wing span at which the downwash is

determined and the boundary conditions satlsfied; also the
coefficlent of ¢ in the last term of the trigonometric loading
series

] free-stream dynamic pressure, 1b/5q 5

R Reynolds number based on mean aerodynamic chord
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wing area, sq ft

free-stream velocity, ft/sec
wing angle of attack, radlans
circulation, £t2/sec

a correction term to take into account errors in a four-term
numerical integration of span loadings, Gp, to obtain 1ift

dimensionless lateral coordinate, E;E

sweep angle of the wing quarter-chord line, positive for sweepback,
deg .

sweep angle resulting from the Prandtl-Glauvert transformation,

-1 tan A
AB = tan

J1 - M2

tip chord
geometric wing taper ratio,

root chord

an effective taper ratio which results in more accurate answers
being read from the loading charts of reference 1

a correction term to increase 1lift in the vicinity of n =0

trigonometric spanwise coordinate, cos'ln, radians
Subscripts
number pertaining to span station associated with the loading,

1, = cos(nm/m + 1)

number pertaining to span station associated with the downwash,
ny = cos(vx/m + 1)

values given by the procedure of reference 1

DEVELOPMENT OF CORRECTIONS

Outline of Development

Tn the material to follow, the mathematical errors resulting from

seven-point solutions will be approximately corrected by an effective
change in wing taper ratio, the addition of a term to the loading at the
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wing root, and a correction to the total 1ift. All corrections will be
based on the easily determined errors of the seven-point method when
aspect ratlo is infinite. Since for a given sweep angle the seven-point
solution gives correct values as A >0, a function which becomes small
as A diminishes is used to bring the corrections at A =« down to
finite aspect ratios.

The distribution of circulation parameter, cjc/cgy, will be corrected
in two steps: (1) The taper ratio is altered so as to take into account
the error due to the M = 7 evalustion of the influence coefficients, and
(2) the loading at the root of a swept wing is multiplied by a factor to
take into account an error that is largely due to the inability of an
m =7 trigonometric loading serles to predict the loading at the root.

Two corrective factors will be applied to the lift-curve slope,
(1) a factor that takes into account the inability of a seven-point
numerical integration to integrate the loading accurately, and (2) a
factor that takes into account the added loading at the wing root due to
the above second correction.

With the distribution of the circulation parameter cje/cgy and the
1lift Cp corrected, the loading coefficient Czc/chav will be evaluated
in terms of the above corrections and values read from the loading chartsl
of reference 1. With the corrected loading at the four span stations
known, the loading coefficient at other span stations may be found by
using the interpolation formula given as equation (A52) of reference 1.

To overcome some shortcomings of this formula, simple additive corrections
will be developed. An equation for the spanwlse center of pressure, fMep,
will also be developed which will take into account the above corrections.

The procedure by which the charts of reference 1 are used to obtain
accurate values is summarized in a section following the development. No
marked increase of time or labor is involved in obtaining the more accurate
results over the ordinary usage of reference 1.

Correction of Distribution of Circulation

Correction at A = .- If, with A =, M iﬁ the Weissinger method is
made infinitely large (i.e., the influence coefficients integrated exactly)

iWhile the method is developed primarily to apply to loading coeffi-
2ients given in charts in reference 1, it can also be applied to plan forms
beyond the scope of those charts by using values of the ayy coefficients
in equation 1 of reference 1 corresponding to the wing with an altered
taper ratio.
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then the loading due to angle of attack ("additional! loading) is pre-
dicted without error for n > 0. The result for M =

c1,tv/cav = (2n cos A)(ey/cay) 0<qg<1.0 (1)

independent of m. At 1 =0, the M = gsolution results in

C1,%v 21 cos Alcy/cay)

(2)

Cav 1+ sin A

for any finite m. More accurate solutions (refs. 4 and 5) for the load-
ing at the wing root indicate that the values given by equation (2) are
substantially low. The root error is attributed largely to the use of a
finite m. However, simply taking one half of the value of sin A in
equation (2) gives an expression that is sufficiently accurate; that is,

€16,V ~ 2w cos A(cy/cav)

av 1+ (sin A)/2 n=0 (3)

The values of loading given by equations (2) and (3) compare with the
value given by the m =M = «» theory of reference L and slender wing
theory of reference 5 as follows (comparing cza/(en cos A)):

Sweep 1 1 Accurate

deg " |T¥sin &| TF (sin A)/2 | values Reference

0 1.000 1.000 1.000 |two-dimensional theory
45 .588 -739 740 b

90 .500 .667 .637 5

The next step is to find the corresponding Weissinger seven~-point
results at A =w. For m =M = 7, the circulation parameter, czmc/cav,
can be found by analytical solution of the four downwash equations, as
is shown in the appendix. The Weissinger m =M = 7 loading and the
accurate loading at A = are compared in the following sketch for
A = 0.45 and A = 45°, With no spanwise variation of sweep or taper
ratio, the accurate loading (eq. (1)) gives for 7 >0 a linear variation
of loading related to the taper ratio.



(829

NACA TN 3500

Equation (I)

2 O  Weissinger 7-point value
x Equation (3)

A=, A=45° A=045

o) | | | 1
o .2 4 6 8 1.0

n

It is seen that at 1 > O the Weissinger loading values slso have an
almost linear distribution, but with less slope. The differences hetween
the Weissinger values at 1 > O and the accurate values will be called the
M error. It can be reduced by using a taper ratio (in the Weissinger cal-
culations) lower than the real geometric taper rstio. The ratio of tip
value to root value of a line drawn equidistant from the Weilssinger values
(see sketch) divided into the real teper retio gives a factor for reducing
taper ratio. This factor times the wing taper ratio results in an effec-
tive taper ratio, Ay, for A = . By limiting the plan-form characteris-
tics with regard to sweep and taper ratio, it is possible to present the
correction in simple form (for A = =),

Ae ¥ [1 - 0.00L(1 + AYACIA (4)

for 0.25 <A < 0.75 and 30° < A < 80°.

There remains the error at the wing root. It was shown that with
M = «, the loading at the root can be improved by a correction of the
form,

1+ sin A =1+ sin.A. (5)
1+ (sin A)/2 2 + sin A

For calculations made with M =7, the M error at 3 =0 is not suf~-
ficiently taken into account by the use of the effective taper ratio. It
1s found that the coefficient, 1.75 - Ae'/3, applied to the second term
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of equation (5) gives values of root loading approximately equal to those
given by equation (3). The resulting corrective coefficient of (cyc/cay)a
for A =0 i1s

(cie/eay)y + A(ege/cav), C14a (6)
(CZC/Cav)4
where
sin A(1.75 - A 1/3)
O, = = (1)
2 + sin A

Thus, if the loading for an m =M = 7 Welssinger solution for A = «
is obtained using the taper ratio given by equation (4) and the consequent
loading at midwing is multiplied by equation (6), then the wing loading
at the four span stations is accurate within a few percent for the stated
range of values of sweep and taper ratio. This compares with errors of
up to 35 percent for the noncorrected m =M = 7 method at A =,

Corrections for arbitrary aspect ratio.- The magnitude of the cor-
rections should diminish with decreasing aspect ratio since the need for
corrections vanishes as A->0 for finite sweep. A function of the form,

1
1+ (k/A)2
of equations (4) and (6). A value of k for each of the corrections can
be determined so that the corrected loading values at all values.of g
are within %1 percent of those obtained by the Multhopp 23-point method
for an A =8, A = h5o, and A = 0.45 wing reported in reference 3. With
the values of k determined, the effective taper ratio of the wings of
arbitrary aspect ratio becomes

0.004(1 + A)AQJ
= - 8
he [l 1+ (7/A)P A (&)

was found to be suitable for multiplying the corrective terms

and the correction at the root, o, becomes
(1.75 - Ane*"®)sin A

= (9)
[1+ (24/A)3](2 + sin A)

Total 1ift

Since the span-loading curves sre not well approximated by a four-
term trigonometric series, an m = 7 numerical integration of spanwise
loading does not give sufficiently accurate results for swept wings of
high aspect ratio. An approximate correction for the integration error
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can be found. Also, the added loading at the root of a sweptback wing
adds to the total 1ift and must be taken into account.

Correction for numerical integration.- The correction can be esti-
mated by first finding the error of a seven-point integration of an ana-
lytical loading whose integrated 1ift is known and whose form is reason-
ebly typical of high-aspect-ratio wings. The first approximation to such
& loading distribution is the distribution at A = «. From equation (l),
for 7 >0 the loading coefficient, Kp, (see list of symbols) reduces %o

=(=<)=—-2 - -
Kn_<°av>n 1+7\[1 (1l - N1 (10a)

for straight-tapered wings. From equation (3), for n =0

_ (c/cav)4 _ 2
T 1+ (sinA)/2 (1 + N1+ (sin A)/2]

Kg (10m)

also for straight-tapered wings. Such a loading distribution has an
infinite loading gradient at the wing tip and at the wing root; however,
the aspect ratio would have to be extremely large to approach this con-
dition. Here, in order not to demand too much from a seven-point integra-
tion, the wing tip loading and the loading at the wing root will be rounded
off to approximate the behavior of a wing of A 2 20. At the wing tip,
from 7 = 0.8315 to 1.0000, the loading is assumed of the -form

K = aisin @ + agsin 3¢ (11)

where a; and ag are determined by the requirement that the loading and
loading slope equal that given by equation (10a) at n = 0.8315. At the
wing root, from n = 0 to 0.1951, the loading is assumed of the form

K = bysin @ + bgsin 39 + bgsin 5¢ (12)

where bai, ba, 8nd bs are determined by the requirements that the loading
at 1 =0 and 0.1951 and that the slope of the loading at n = 0.1951
equal values given by equation (10b). The final distribution of loading
with the rounding off at the tip and root is shown in the f'ollowing
sketch:
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/—- Equations (10)

K= QI602 + 1.5806 1
I+ A

Loading

| |
0 195I 8315 10

Y

Since the loading is known analytically, the area beneath the curve
can be determined exactly. The area is

2.0028 + 1.8692\ + 0.8547 sin A + 0.9346A sin A
(1 + A (2 + sin A)

It is convenient to raise the loading values so that the curve has unit
area by dividing by the above expression. The seven-point integration

formula of reference 1 can now be applied and the errors of the formula
can be determined. The seven-point integration formula is (from ref. 1)

- ' Za, czd:c czmc cla,c
(Cla)., == 0.7654 Ca‘:)l +1.h1ko <Cav >2 +1.847L <—-——cav >3 + | oor >4]

(13)

The ratio of the seven-point value to the exact value of CLOL may be
written

(Cry,), ;
=Z

T — (0.765LK; + 1.4142Ks + 1.847hKs + Kg) (1k)
(Cry)
exact
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where the K's are the previously determined loading values with unit
area. Equation (14) does not yield unit area. The discrepancy will be
called the integrstion error, 7, or

o, = (1 + 7(cry), (15)

The quantity, 7, is virtually independent of taper ratio in the range
0.25 <A < 0.75 and can be given as simply

sin A
Y = S !6

While the above value 1s probably more representative of integration
error at A~ 20, 1t is convenient to take this value for A ==. Apply-~
S , and setting k to yield the
1+ (k/A)%

Multhopp results for the A = 8 wing mentioned previously, yields the
following expression for ¥ at arbitrary aspect ratios

ing the aspect-ratio function,

sin A
7= 1.7V
20[} + <}KL%> ]

Correction for added root loading.~ The product of czc/cav and o
gives the increase of root section loading due to the root correction.
The increment of Cr, due to this added loading is, from equation (14),

(17)

ﬂUK47(CL@)K
Ne

ACr,, = =~ (18)

For the range of plan forms under consideration (positive sweep and con-
ventional taper), K4 may be teken as slightly larger than unity. Thus,

ACr, = & (Ory) . (19)

The quantity (CL@)Re is the seven-point value for a wing with the

effective taper ratio rather than the geometric taper ratio (read from
the Cr, charts of ref. 1). Thus,
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(ory), = <1 + %)( cer)7\e - (20)

Inserting equation (20) into equation (15) and dropping the second-order

term ZE, yields the corrected total 1ift as

5
o
c =(1+ + = )(C 21
Lo < ¢ 5>( Loy, (21)
where (CLa)A may be read from figure 4 of reference 1, y 1is given Dby

e
equation (17), and o is given by equation (9).

Corrected Loading Coefficient and Interpolation

Corrected loading coefficient.- The loading coefficient,

Kn = (CZC/CLCav)n determined, say, from the charts of reference 1 by
using the effective taper ratio (eq. (8)) and the root correction

(eq. (9)) will need a final correction since the total 1ift coefficient,
CLy, has changed (eq. (£1)). The Ku's become

3
o (Kn7)7\e
YT 1wy + (0/5) > (2)
22
K, - (1 + 0)(Kery,
1+ 7+ (o/5)

Interpolation.- The seven-point interpolation, equation (A51) of
reference 1, of loading at span stations between the four known loading
values, gives the loading distribution which the seven-point numericsl
integration formula integrates when obtaining total 1ift. Thus the error
in interpolating is related to the error when integrsting. The values of
Ky for the preceding rounded-off loading assumed for A = o can be
interpolated by equation (A52) of reference 1. The differences of the
interpolated from the accurate loading were found to be nearly directly
proportional to 7, (given in eq. (16)). The effect of taper ratio is
nil and is omitted. Thus the increments of loading to be added to inter-
polated results at 7 = 0.1951, 0.5556, and 0.8315, were found to be
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5.157,,
<1.55%0 (23)

2K, 2
AKg y2
DKgje = 1.037,

respectively. No reliable value of ‘AKl/z could be found and AKy/sz
is taken as zero.

If the interpolation error is assumed to decrease with aspect ratio
in the same manner as the 1ift integration error, 7, then at finite
aspect ratios

Misja = ~1-2D7 (2h)

AK, ) = 5.157

AKgsp = 1.037

AKyjp ~ O ]

which gives the correction to be added to interpolated loadings at
n = 0.1951, 0.5556, 0.8315, and 0.9808, respectively.

Spanwise Center of Pressure

The spanwise center of pressure is given by

L0

Jf (clc/caw)n dn
=0

= (25)
1.0
L/ﬂ (¢1¢/cqy)dn

n=0

Nep

Letting 7 = cos ©® and multiplying the numerator and the denominator
by Cav/Eb gives

/2
Jf G(p)sin @ cos @ d&p

= (26)
[ csimo w

0

Tep
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By use of the loading series given by equation (Al7), reference 1, the
integrals can be evaluated. Taking m = 15, and using the seven~-polnt
interpolated values of loading corrected by equation (24), we obtain for
the spanwise center of pressure

_ 0.352K7 + 0.503Kp + 0.344Kg + 0.041K, + 0,364y

= (27)
0.383Ky + 0.70TKz + 0.92hKs + 0.500K, + 2.1557

Tep
where the X wvalues are for unit ares.
SUMMARY OF PROCEDURE

For wings with taper ratios, A, between 0.25 and 0.75 and whose
quarter-chord lines are swept back between 30° and 80 ,2 the following
parameters are evaluated

_ 0.00L(1 + 7\)A°J
he = [l I mE )
y = sin A

20[1 + (11.7/8)3]

(1.75 - Ae™%)sin A

[1 + (24/A)2](2 + sin A)

From either the loading charts of reference 1 or simultaneocus solution
of equation (1) of reference 1, the loading coefficients Kh7 are obtained

for the wing parameters A, A, and Ao, The Kn., values are then multiplied
by correction factors as follows:

Kn
Kp = L4 T = 0.92 0.7071 d 0.382
n 1+t (95 or 1 9239, 0.7071, an 3027
(l+G)K47
Ky = fo = 0
C ST Ay (/5 v

28uch large angles of sweep might be the result of applying the
Prandtl-Glauert transformation to take account of compressibility; that is,
an angle of sweep, Ag, is used such that

ten Ag = (1/~/1 - M02> tan A
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and

Crgq = L(L + 7 + (/5)1(CLg),

With the improved loading at the four span stations known, the
loading coefficlent at other span stations may be found by using the
interpolation formula given as equation (A52) of reference 1. However,
to these interpolated values the following corrections should be added:

AKoyo = 5.157, n = 0.1951
AKgyo = =1.557, n = 0.5556
AKsse = 1.037,  n = 0.8315
&Ky/2 ~ O, 1 = 0.9808

The spanwise center of pressure, fegp, is found as

0.352K; + 0.503Ks + 0.3hlKs + 0.041K, + 0.364y
0.383K; + 0.70TKs + 0.92kKg + 0.500Ks + 2.1557

Nep

RESULTS AND DISCUSSION

Comparison of Modified Seven-Point Results
With Other Theoretical Results

In figure 2, comparisons are pregented for the following plan forms:

Sweep,
A deg Taper Method
10 Lo 0.40 Falkner 19-point
8 b5 .45 | Multhopp 23-point
35 .50 | Weissinger 15-point
2.64 1 b5 .389 | Multhopp 15~point
6 45 0 Multhopp 15-point

For a discussion of the methods, see reference 3.

In figures 2(a), (b), (c), and (d), it is seen that the new results
are much more accurate than the original Weissinger seven-point results
which are also shown. The new span loadings for these wings are within
about *1 percent of the results of the more lengthy methods. In contrast,
the meximum errors of the original Weissinger loadings range from approxi-
mately 2 to 8 percent for wings of aspect ratlos of 3 to 10.
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As has been pointed out, the corrections are not valid for A < 0.25.
In figure 2(e), the "corrections™ at A = 0 are seen to be detrimental to
the accuracy of the span loading.

Comparison of Modified Seven-point Results with Experiment

In figure 3, the new results and the original Weissinger results
are compared with high Reynolds nuwber experimental results for the fol-
lowing wings:

S
A g:zp, Taper Source R

0] Lo 0.40 | unpublished| 8x10°
8 45 .15 ref. 3 hx10®
6 k5 .29 |unpublished {5.8x10°
6] U5 .50 ref. 6 8x10%

The first two wings have truly high aspect ratios and it is seen
that the new span loadings and lift-curve slopes are in good agreement
with the experimental results on these wings.S3

The third and fourth wings were in combination with fuselages. The
influence of the fuselage of the fourth wing is seen in the magnitude
of the experimental loading at n = 0.17. Outboard of 7 = 0.3 where
the influence of the fuselage is fairly small, the new results are appre-
clably closer to experiment than are the original Welssinger results.
Thus, these two comparisons also tend to confirm the new results.

To obtain the simplicity of the present corrections, it was necessary
to limit the taper ratio to 0.25 <A < 0.75 and the sweep angle to
30° <A < 80°. However, it is interesting to note in figure 2(e) that the
lift-curve slope for A = O is improved by the correction. To determine
whether such improvement is possible for untapered wings, some experimen-
tal and corrected lift-curve slopes for A = 60° have been compared in
figure 4, It is seen that for even these extreme plan forms, the C
correction improves the original Weilssinger values and results in rea-
sonable agreement with experiment. Thus, it appears that in the case
of CL,, the correction is beneficial at all taper ratios.

3Tt is true that the Falkner 19-point and Multhopp 23-point methods
also agree with these experimental data but at the cost of much more
time and labor.
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CONCLUSIONS

The general accord of the new results with results believed to Dbe
accurahbe indicates that the corrections yield very acceptable answers.
Simplicity in the corrections has been attained.

Ames Aeronautical Laboratory
National Advisory Committee for Aercnautics
Moffett Field, Calif., Apr. 26, 1955
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APPENDIX

The solution for spanwise loading by the Weissinger method for
A = », is readily obtained from reference 7. Equation (B2) of reference 7
gives values of Ay for high aspect ratio, in terms of A and the
parameter, '

Hy = dy(b/ey)

where dy 1is simply a scale factor and is listed below,

v L

1  0.061
2 .234
3 .381
L .320

As A —> o, only the term that contains Hy becomes significant, Insert-
ing Ay, for A = o, we can write equation (1) of reference 6 as follows:

4

:ﬁL Syn cye .

Cav Oy o5 £+ twntan A e n, »2,3, and L (A1)
n=1

where s,, and tyn are dv/e times the respective numbers in the coeffi-
cient of Hy, in equation (B2) of reference 7. The s, and t,, are
listed as follows: '

v Syn tyn
n 1 2 3 L 1 2 3 b

0.1192{0.0271}~0.0074{0.0052{0.0442{0.0479 |-0.0130{0.0052
L0271 .111k4{ .0325{-.0156(-.1155| .0313} .Ohk77|-.0156
-,0078f .0323] .1036| .0594} .0755]-.1155( .Okho! 059k
.0026} -.0078f .0297| .1114{-.0339! .okko| -.0817| .111k

W

The simultaneous solution of the four equations given by equation
(A1) results in the evaluation of loading at four spanwise stations.
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cye
&)

cos A 4I:9.28(Zf.+s:f.n A) 352_%;_ 01+(=3.05+15.51sin A) W

4 (1+sin A)

¢ c
(1+sin A)z-c-a—fr agt(2.23-20.18s1n A+Lh.TLsin2A) (L+sin A)g> ag +

(~1.02+11.49sin A-1T7.13sin2A+T. h5sin3A)39§- or..,,]

cos A

<C7‘ C>
Cav A

0 A)4[“3-05(1+s:in A) 332% ar+(11.52+5.42s1in A)
+sin

Ca
(1+sin A) 255; azt(-5.09+18.93sin A+11.83 sin®A)(1+sin A)?,%% Qg+
(2.24-12.93sin A+2. 62sin2A+5.GOsin3A)-C%% o.{l

cos A

Cz c
Cav,/
3

(Ltsin A).:,l;‘?-23(1+silfl A)sa%; oy+(-5.10-0.63sin A)
1

2’2 . R c
(1+sin A) T aot(13.7h+12.83sin AM+8.035in2A)(1+sin A)E'f; ag +

(-4.08+8.8551n A+10,80s1nA+6.8151n%0)5% (14:'

cos A

C-L Cc -
Cav
4

C
(1rsin A‘)4['2-05(l+sin A) 353—? gt (4. b7+0.38sin A)
1

Co e
(L+sin A)aea—f agt(~8.14-3.258in A-3.30sin?A) (1l+sin A)E-a% ds +

(11.51+19.80sin A+22. 35510245, 798 10%A) g 0,4]

>(a2)
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For straight-tapered wings and for additional loading (ay = a) » equa-
tion (A2) reduces to

cy &
<cz°°> = cos A —[0.33 +10.58 sin A -20.39 sin®A + A
BV (1+MN)(1+sin A) .
43.55 sin®A+ (14.54 +36.46 sin A+ 50.34 sin®A) (1 + sin A)A]
7' C
Cc“> = cos A [4.47 +6.49 sin A +51.33 sin®A +28.52 sin3A+
&/ (L+N)(1+ sin A)*

(6.86+27.39 sin A+11.19 sin®A) (1 + sin A)A]

>(A3)

¢ A
( Z“"> - L[6.16+ 45.17 sin A+ 465 sinPr+
Cav s (L+A)(1+ sin A)

23.50 sin®A+ (7.44+9.98 sin A+9.38 sin®A) (1 + sin A)A]

cy @ A '
<CZ°6> = cos [15.29 + 30.25 sin A+ 38.74 sin®A +
e (L+N)(1L+sin A)*

7.41 sin®A - (3.68+ 3.20 sin A+ 5.78 sin®A)(1+ sin A)A]
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Figure 2.~ Concluded.
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